Sudanese men and women were flown to Cambridge in the winter of 1966/67 and at once began to take part in an experiment there lasting for 8 days with a corresponding number of British subjects. The Sudanese conformed to the British way of life. Time was provided for relaxation and exercise and the intakes and expenditures of water, salt and energy were measured.
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I n t r o d u c t io n
People are now moving more and more freely from one climatic extreme to the other and the change is often made in a matter of hours. It is well known that after a few days people become habituated to the new climate and it has been established that a prolonged residence at high environmental temperatures enables men to perform physical tasks with greater efficiency and less danger to themselves than newcomers. ' Know-how' comes into this to some extent (Hellon, Jones, Macpherson & Weiner 1956; Ladell 1964 ) and the whole process has come to be known as acclimatization. It is characterized by earlier and more profuse sweating, a lower percentage of salt in the sweat and lower body temperatures at work. Considerable acclimatization, however, can be achieved beforehand in temperate climates by the daily performance of strenuous physical tasks in a hot room, and to a more moderate extent by hard work in lower temperatures (Strydom et al. 1966 b) . This is a matter of great importance to the armed forces and to industry and the circulatory adjustments of acclimatized and unacclimatized men and many other facets of the process have been studied from many angles and with various objectives.
Nearly all the work on artificial acclimatization and on its rate of decay has been carried out on men between the ages of 20 and 40 engaged on severe physical tasks, as shown by the publi cations of Ladell (1955) from West Africa, of Malhotra, Sharma & Sivaraman (1959) and Malhotra (1958, i960) from India, of Edholm et (1962 Edholm et ( , 1964 Edholm et ( et al. (1963 , Wyndham (1965 Wyndham ( , 1966 , Strydom et al. (1966 a, b) from Johannesburg.
Women of European extraction have been known for some time to produce less sweat than men when exposed to similar high temperatures (McCance 1936 Hardy & Milhorat 1939; Hardy & DuBois 1940; Hardy, Milhorat & DuBois 1941) . More recently the physical response and limitations of women to gross changes in their environmental temperatures have been more fully investigated (Kawahata i960; Morimoto, Slabochova, Naman & Sargent 1967; Weinman, et al. 1967; Fox & Lofstedt 1968) , and their capacity to acclimatize to severe physical performances has been studied (Hertig et al. 1963; Haslag & Hertzman 1965; Wyndham, Morrison & Williams 1965) . It is not known why women do not respond so well as men. On the basis of a rather limited number of experiments Kawahata (i960) concluded that the sexual hormones were alone responsible while Fox et (1969) considered that mainly due to the fact that women had more subcutaneous fat and that they were naturally less well acclimatized.
There are indications of ethnic differences as well as sexual differences in the way people respond to high environmental temperatures and in their capacity to work in them. Thus Ladell (1950 Ladell ( ,1951 found that Nigerian males produced less sweat than Europeans on exposure for several hours and Wyndham, Bouwer, Devine & Paterson (1952) obtained a similar result on the South African Bantu. The Saharan Arabs and the Bushmen in the Kalahari desert have also been found to sweat less than Europeans (Wyndham & Morrison 1956; Wyndham, Metz & Munro (1964) . It is not easy to eliminate the effects of acclimatization from these compari sons, but Edholm et al. (1964#) did their best to do so. Studies of the sweat glands in cystic fibrosis (Kessler & Anderson 1951 led to tests for the response of these glands in localized areas of the body to acetylcholine or pilocarpine (Gibson & Cooke 1959; Anderson & Freeman i960) . The application of this relatively simple technique to large numbers of persons has shown that European and North American males living in the same environment produce more sweat than females (Kahn & Rothman 1942; Gibson & Shelley 1948; Herrmann, Prose & Sulzberger, 1952; Lobeck & Huebner, 1962; McCance, Rutishauser & Knight 1968; McCance & Purohit 1969) and that they respond to a lower dose of the drug (Janowitz & Grossman 1950) . Indians and Bantu speaking groups south of the Sahara do not react so well to pilocarpine as Europeans living in the same surroundings (McCance & Purohit 1969) .
These results (see also Collins & Weiner 1964) are in line with those described on the ex posure of the two sexes and the several ethnic groups to high temperatures and acclimatization. There is evidence that Sudanese males respond equally well and Sudanese women rather better to pilocarpine than their European counterparts residing at similar ambient temperatures (McCance 1969) .
The present investigation was designed to study how normal men and women of various ages and races respond to changes in their environmental temperatures and way of life. They had not been acclimatized artificially beforehand nor was any attempt made to hasten the pro cess after their arrival in the new climate. They were, however, closely observed, particularly their expenditure of energy, their intakes of the unaccustomed food and their salt and water requirements. Both males and females in two ethnic groups participated. No previous experi ments of the same kind have been found in the literature. P l a n of t h e e x p e r im e n t
The original plan was to bring seven students and doctors from Khartoum to Cambridge just before Christmas 1966, and another group very early in January 1967. These were to be paired with a corresponding number of British subjects and the following determinations made upori them: energy intakes and energy expenditures, the intake of water from all sources and its excretion in the urine, the intake of sodium chloride and its excretion in the urine. With this information and certain assumptions it was proposed to calculate their salt and water require ments, and experiments were also to be made to test their performance at simple arithmetic 43-2 536 R. A. McGANGE AND OTHERS and vigilance. All the subjects were to be kept out of doors as much as possible to subject them to such weather as there might be.
It was planned to transport the British personnel to Khartoum in June 1967, in two groups, and to repeat there everything that had been done in Cambridge. Unfortunately, owing to the political situation the authorities did not consider it wise to carry out the Khartoum stage of the experiment in June 1967, and it was not possible to take the British subjects to Khartoum till the end of March 1968. The weather then was not nearly so hot as it would have been in June, although it was considerably hotter than it had been in the Cambridge winter, nor was it possible to assemble all the subjects at that time. The experiment, however, was completed according to the original plan although on fewer numbers. It has, therefore, been possible to compare the energy intakes and expenditures, the salt and water requirements and the sub jects' vigilance and performance at arithmetic at two very different environmental tempera tures.
T h e su b je c t s Table 1 gives the age, height, weight-in Cambridge and Khartoum-and sex of the subjects who participated fully in the experiment. Three of the British and one of the Sudanese subjects could not for one reason or another take part in the second half of the experiment in Khartoum. The weights of the British subjects changed little in the interval between the two halves of the experiment except for those of Andrew P., and Dorothy S. The former had gained about 4 kg by the time he got to Khartoum and the latter had lost about the same amount. A number of the Sudanese subjects gained weight after the first part of the experiment in Cambridge, notably S. Ahmed, A. Asha, T. Gaaffer, A. Tambal, A. Ziada and L. Abdalla. A. Tambal had put on 8.5 kg in the 15 months.
(------------------------------------
T h e e n v ir o n m e n t Temperature  Tables 2 and 3 give the meteorological records from the R.A.F. station at Oakington 5 km from Cambridge in December 1966 and January 1967. Table 4 gives the records provided by the meteorological office in Khartoum.
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The temperatures were lower in January 1967 than they were in December 1966; the rela tive humidities were very high nearly all the time. The temperature at 08h00 was usually between 3 and 7 °G in December and 0 °G or a little below in January. There was a fall of snow during the experimental week in January. The highest external temperature was 12.5 °G in December and 8.1 °G in January. The wind was slight most of the time and varied from 2.5 to 10 m/s (5 to 20 knots) in December and 3 to 8 m/s (6 to 15 knots) after Christmas. The rooms in which the subjects worked and ate were warmed, but there was little heat in the bedrooms.
The temperatures at Khartoum were around 20 °G at 08h 00 with maximum day tempera tures of 34 to 35 °G. The relative humidity never exceeded 42 %. Readings were taken on the roof of the hostel at Khartoum and the dry-bulb temperatures ranged from 20 to 32 °G nearly every day. Temperatures taken with a globe thermometer on the roof were usually 23 °G at 8 a.m. and 48 to 49 °G in the afternoon. In a shady room in the hostel these temperatures were naturally more constant and varied from 21.5 to 32 °G. In the middle of the day they were usually in the neighbourhood of 30 °G. There was no artificial cooling in any of the rooms.
Daily routine
In Cambridge the participants who were strangers to the town lodged in Sidney Sussex College, and had all their meals in the Department of Experimental Medicine-10 to 20 min away on foot. Tests and laboratory exercises were carried out in the Department of Anatomy, which was close by the rooms in Experimental Medicine which were acting as the refectory and metabolic base.
The day began at 08h00 and the subjects were expected to have reached the refectory, delivered their previous 24 h collections of urine, weighed themselves under supervision and be ready for breakfast at 09h 00. On the first and last mornings pulse rates and body tempera tures were measured while the subjects were still recumbent and 10 ml of blood were taken from an anticubital vein. The mornings were devoted mainly to the study of energy expenditures. These involved out of door activities-often in small groups-respiratory tests during them and also in the laboratory. To some extent the weather determined the exercise chosen. Learning to play golf, walks, timed and otherwise, snowballing, swimming and a little football all had their turn. The basal rates on most subjects were determined before they got up but in a few after lying recumbent for a standard time at the laboratory. Lunch was at 13h00 and from 14h00 to 16h 00 expeditions were made; one was to Ely Cathedral and one to Pye's factory. Sometimes the subjects played football and once they went to skate. Tea was at 16h00. The psychological tests on the control subjects, who were outside the rest of the experiment, were carried out dur ing the afternoon and on the experimental subjects after tea between 17h00 and 19h 00. Supper was at 19h 00 and, after it, the subjects returned to Sidney Sussex College where squash rackets, table tennis and refreshments of known weight and composition were available. This programme was not always followed strictly by three of the men, David M., Malcolm P. and Alec M., and two of the women Dorothy S. and Felicity M. who lived in Cambridge and had work to do there.
Whatever the advantages in experimental design might have been, it was not feasible to adhere to this circadian rhythm in Khartoum where the practice of the country called for a much earlier start and a rest period in the early afternoon. Much more work, moreover, had to be done every day in Khartoum by those in charge of the experiment, because there was not enough time available at that season of the year to have the subjects in two groups one after the other as had been done in Cambridge. This almost doubled the number of subjects and the number of observations that had to be made on them every day, and this meant some further reorganization of the timetable. The male subjects and most of the observers lived in the male students hostel and all the subjects and observers fed in the refectory there. The 'mores' of the country made it necessary to lodge the female subjects in their own hostel some distance away, to and from which they had to be transported by a small bus or Landrover. In Khartoum, therefore, the day usually began for the male participants with an early cup of tea and the study of energy expenditures from 06h 30 to 09h 00. The women joined them later or at breakfast which was at 09h 00.
Some expeditions were made on most days between lOhOO and 13h 00. One was to the hos pital, for example, one to the junction of the two Niles and another to Omdurman. On two of the days longer expeditions were made, one to the Omdurman battle ground and one to a village on the White Nile and then on to the Jebel Awlia dam. On these expeditions breakfast was taken on the bank of the Nile and at the village respectively. While the participants were on these expeditions the subjects who were acting as the local controls did their psychological tests from 1 lh 00 till 13h 00, when everyone collected for lunch at the refectory. Between 14h 00 and 16h 00 half the subjects did their psychological tests and the others had their records checked and rested. The second half did their vigilance and arithmetic tests between 16h 00 and 18h 00 and the first half had their records checked and sometimes went swimming. Tea was available between 15h 30 and 16h 30 and the evening meal was served between 18h 30 and 20h 00. After it most of the subjects went to swim or take exercise at the University ground. The women often went back to their hostel.
T h e d ie t s
Most of the Sudanese were Muslims and both in Cambridge and Khartoum the diets con tained no pig meat or offals. Table 5 gives a list of the foods served in Cambridge at breakfast, lunch and supper in December 1966 and January 1967. White bread, sugar, salt-free butter, jam or marmalade, salt, and milk for coffee were available at all the meals. Tea, milk and cake were provided every day at 16h00, and biscuits, lemon squash and beer as an evening snack, but these have not been included in the table. Some of these foods were very strange to the Sudanese. Table 6 gives a list of the foods provided in Khartoum. As in Cambridge, white bread, sugar, butter, marmalade, milk and salt and soft drinks were always at hand, and limited amounts of beer. The table does not include the tea, milk and biscuits provided every day at 06h 00 and 16h 00. The differences between the two diets were considerable. The fish in Khar toum did not come from Grimsby, but from the Nile, and consisted as a rule of excellent filleted talapia. The basis of the molokhia stew was a vegetable containing so much pectin that it presented itself almost as a jelly. Its composition in terms of nutrients varied according to the day from 2 to 2.4 % protein, 7 to 14 % of fat, and 3.4 to 4.8 % of carbohydrate. Kisra was a folded, loose textured, millet preparation containing 3.4 % protein, 2 % fat, and 32 % carbo hydrate. The baglawa contained 4.34 % protein, 13 % fat and nearly 50 % carbohydrate and, therefore, provided, gram for gram, more than twice as many joules as the others. The salads were based upon an assortment of fresh green vegetables of the lettuce type, and there was always an abundance of raw sliced tomatoes, sometimes with and sometimes apart from the green salads. All dressed to suit themselves. The Sudanese had been provided with overcoats before they arrived in Cambridge and rarely went out without them. They also as a rule wore gloves and some bought warm hats. The men wore a thick shirt or a shirt and vest, pants, substantial trousers and socks, a woollen 'pullover' and a jacket. The British men wore their normal winter garments. Some of both ethnic groups had particoloured close-fitting woollen headgear which always generated a certain amount of good humoured banter. The women wore a skirt and 'sweater' or a thick dress with some variety of slip, a girdle and woollen pants underneath, woollen stockings and shoes or lined boots. They also put something warm over their heads out of doors.
In Khartoum the men wore a thin cotton shirt, sometimes with short sleeves, and sometimes with a vest of some kind under it. A few wore a light woollen ' pullover ' in the early morning. A number liked sandals or gymshoes with or without socks, made of cotton or one of the syn thetic fibres. The women wore a light frock or a skirt and a half sleeved blouse, some form of brassiere with or without a slip, brief little pants underneath, and usually sandals without socks or stockings. They tended to put on light hats if they were to be out for some time in the middle of the day. Some of the men and also the women changed into shorts both in Cambridge and Khartoum for squash or other vigorous exercise. The Muslims of both sexes tended to wear their national dress in Khartoum, particularly in the later parts of the day, and one of the women did so all the time both in Cambridge and Khartoum, but over the same sort of garments the others had on.
M e t h o d s
Energy expenditure This was carried out by recording 'activities' and indirect calorimetry, as described by Durnin & Passmore (1967) . The results for all the determinations of energy have been expressed as kilocalories (kcal) and mega-joules (MJ). Each subject kept a diary in which he recorded what he was doing minute by minute. The time spent on these various activities was added up daily and difficulties in the classification of any of them were discussed.
The basal metabolic rate of all subjects was determined in Cambridge using a Kipp and Zonen diapherometer and again in Khartoum using a Benedict-Roth spirometer. All values fell within the normal range. No evidence was found that the resting metabolic rates of the two groups were different, or that the resting oxygen consumptions of either group were lower in Khartoum than they were in Cambridge (Collins & Weiner 1968 ). This is not surprising. The methods used in the two places were not the same, which would have been a pre-requisite for a comparison between the resting rates in the two places, nor had the subjects had previous training in how to use the machines-as, for instance, Martin (1930) had had. It took some days to determine the resting metabolic rates of all the new arrivals and there were cultural diffi culties, moreover, in getting at the basal metabolic rates of any of the females in Khartoum before they got up in the morning. A study of the previous work shows that, apart from the fact that individuals vary greatly among themselves, no real change in the mean of either group was to be expected in a few days (Osiba 1957) , possibly not for about 6 months (MacGregor & Loh 1941; Roberts 1952) , even if then (Malhotra, Ramaswamy & Ray i960) .
The minute volume of the expired air was measured with Max Planck respirometers during representative 'activities' of each subject on some 20 to 30 occasions both in Cambridge and Khartoum. Unfortunately facilities were not available for analysing expired air on a scale sufficient to cope with the numbers of samples. It was therefore necessary to assume that 5 % of the oxygen was extracted from the inspired air. Five subjects were tested in Cambridge when working on a stationary bicycle, and four subjects were subsequently tested in Edinburgh when walking on a treadmill, and the extraction rates observed did not differ widely from this figure. It was accordingly used to calculate the rates of oxygen consumption. Where no measure ments of the energy cost of an activity had been made, figures given by Durnin & Passmore (1967) were used.
Although the indirect calorimetry was thus limited, each subject had been trained in making scientific observations, and the activities were recorded carefully. The records are therefore likely to have been more reliable than usual in surveys of energy expenditure. In calculating daily rates of energy expenditure serious errors are far more likely to arise from inaccurate records of activities than from inaccurate figures for the energy being expended on them. There is nothing to suggest that a common error may have biased all.the calculated daily expenditures and for any one subject the calculated figure is unlikely to be in error by more than 10 %.
Dietary intakes
The amounts of each item of food on the menu served to the subjects were recorded, and the weight of any uneaten material deducted from the weight served. The subjects were able to choose how much of each dish they wanted and there was usually enough to provide an additional serving for those with larger appetites. Each subject had his or her own container of butter, sugar, jam or marmalade, and salt. These were weighed daily before breakfast and replenished as required. Drinks were measured into calibrated plastic mugs or taken from pro prietary bottles or cans of known volume. The subjects were individually responsible for keeping a record of the number and type of drinks they had in the day. This record was collected daily and checked with the subject.
The meals were arranged so that, broadly speaking, the menus repeated on alternate days.
Samples of each food were taken for analysis on at least two occasions, and on every occasion if it was, or seemed likely to be, variable in composition. The foods were stored in the refrigerator during the day in Cambridge and then at -20 °C until analysed. In Khartoum the samples were frozen immediately, packed while still frozen, and transported to London by air in an insulated box, and then immediately by road to Cam bridge where they were at once unpacked and stored at -20 °C until analysed. They were still in a frozen state on their arrival in Cambridge.
The samples were allowed to thaw out and then mixed very thoroughly in the container in which they had been stored. Portions were then taken for the determination of moisture and ash. The ash was extracted with hydrochloric acid as described by McCance, Widdowson & Shackleton (1936) and sodium determined by flame photometry. Foods of unknown com position or of variable composition were analysed for fat and total nitrogen; carbohydrate was estimated by difference. In the foods eaten in this study little or no error was introduced by this approximation.
A few foods were not analysed for nitrogen, fat and carbohydrate if their composition had been well established. The figures for them were taken from McCance & Widdowson (i960) or Watt & Merrill (1964) , making allowance for any difference between the amount of water in the samples analysed and the food as given in these tables.
Urine and blood
Urine was collected over 24 h periods under toluene. The volume was measured and a portion retained for determination of freezing-point, sodium and total nitrogen. The measure ments of total nitrogen were made on pooled samples, representative of the entire 8 days; the other measurements were made on the individual daily samples.
Blood was withdrawn without stasis before breakfast into disposable syringes. Clotting was prevented with heparin. Some of the blood was used for the determination of haemoglobin and packed cell volumes and the remainder separated and used for the determination of sodium.
Vigilance and arithmetic tests
The first of these was a 1 h vigilance test and the second a 30 min adding test. Both have been shown to respond to a rise in body temperature (Wilkinson et al. 1964) . Both tests have also -been shown recently to be able to detect a reduction of sleep-to 2 h on one night, for example, or 5 h on two (Wilkinson 1969) . Tests of the vigilance type, moreover, have been found to be impaired by heat (Mackworth 1950; Pepler 1958) and cold (Poulton, Hitchings & Brooke 1965) .
In the vigilance trial the experimental party were subjected to four 1 h tests on 4 alternating days, first in Cambridge and then in Khartoum. Controls for the British subjects did not travel to Khartoum, but carried out the same two sets of tests with the same interval of time between them in Cambridge. It was planned to control the Sudanese subjects in a similar way, but unfortunately it was not possible to complete the second set of tests in Khartoum.
In the test itself the subjects were required to listen for 1 h to a series of |s bleeps occurring every 2s over a background of ' white ' noise at a sound pressure level of about 85 dB above threshold. Forty of the 1800 bleeps heard during the hour lasted only for three-eighths of a second and these were irregularly placed among the others. The subject's task was to report the short bleeps by pressing a key. Each subject's correct and incorrect reports were subse quently added up and recorded.
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In the adding test each subject was given a book containing 215 little 'sums' on each page. Each consisted of five 2-digit numbers and a space for the answer to be written underneath them. The subjects' task on each occasion was to complete correctly as many sums as possible in half an hour. The performances of each subject were 'scored' according to the number of sums completed and the percentage incorrect. The experimental party carried out one halfhour test on each of the 8 experimental days in England and again, later, in Khartoum. Controls for the British subjects carried out the same routine at the same intervals of time in Cambridge and those for the Sudanese subjects did this in Khartoum.
After the first vigilance test half of the subjects were given their scores immediately it was over, and, after the first adding tests, just before the second one on the following day. The other subjects were not given their scores. After the second of each of these tests the results were given to those subjects who had not received them after the first one and withheld from those who had been told them on the previous occasion, and this alternating routine was maintained throughout the series. Table 7 shows the mean amounts of energy expended by the different subjects in Cambridge and Khartoum. All but one of the subjects expended less energy in Khartoum and the results for the one exception were close enough together to be within the range of the method's experi mental error. The differences between the expenditures of the British males in Cambridge and Khartoum, and between those of the Sudanese males also, were both highly significant (■ P < 0.001 in each case). There were similar differences at a lower level between the women's expenditures of energy in Cambridge and Khartoum, but there were not enough of them to treat the results statistically. Figure 1 shows the mean percentages of their total time spent by the male subjects lying, sitting, up and about, walking and at sport in Cambridge and Khartoum, and figure 2 the mean percentages of their total energy expended on these occupations. Figures 3 and 4 give similar information about the women. 
R e su l t s' a n d com m ents
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The British and the Sudanese spent the greater part of their time together and the general pattern of their activity was, therefore, much the same. Figures 1 to 4 show this, but they also bring out some of the reasons behind the general results in table 7. Both the British and the Sudanese spent more of their total time walking in Cambridge than they did in Khartoum. This was partly because they were expected to walk from Sidney Sussex College to the labora tories and canteen once or twice a day and several of their minor tasks and exercises involved walking. The weather was cold, moreover, and both sexes tended to walk vigorously at speeds not far from 6.5 km/h unless they were out to look at the shops. In Khartoum the distance from the canteen and men's hostel to the laboratory was about the same as the distance from the College to the working centre in Cambridge, but there was very nearly always transport available. The streets were dusty, moreover, and very hot at midday and people would hang about for the transport rather than walk, and when they did walk their speeds were not more than 5 km/h. Consequently, both sexes expended more of their total energy walking in Cambridge than they did in Khartoum. When the actual figures for the time and the expenditure of energy were subjected to analysis, the differences for both groups of males were highly significant ( < 0.001).
The British spent more time and energy playing games in Cambridge than they did in Khartoum (P < 0.1 and 0.025 respectively), but the Sudanese did not. In compensation for this the British spent less of their time and expended less of their energy on their backs and pottering about in an inactive way in Cambridge than they did in Khartoum (P < 0.005). Such considerations help to show why there was a greater difference between the mean energy expenditures of the British in the two environments than there was between those of the Sudanese (see table 7) . Table 8 gives the mean individual intakes of energy per day of the subjects in Cambridge and Khartoum. As was to be expected the intakes and expenditures of the males in Cambridge were at a lower level than those of the recruits studied by Edholm et al. (1970) . The mean intake of the British males amounted to 13.8 MJ/day (3283 kcal/day) as against 10.1 MJ/day (2416 kcal/day) in Khartoum and the difference was significant (P < 0.005). The two British women also had higher mean energy intakes in Cambridge than they had in Khartoum. The mean intake of the Sudanese male subjects was 13.6 MJ/day (3238 kcal/day) in Cambridge as against 12.4 MJ/day (2972 kcal/day) in Khartoum (P < 0.05) and all three Sudanese women had higher intakes in Cambridge than they did in Khartoum. The means for the three were 8.3 and 6.8 MJ/day (1970 and 1632 kcal/day). There was no internal evidence whether these reduced intakes in Khartoum were the direct result of the action of the environment on the centre for regulating appetite or whether they were secondary to the reduced expenditures (see table 7 ). The former is the more probable, however, since Edholm et al. (1964) obtained energy intakes in his soldiers 25 % less in Aden than in Britain, although their energy expenditures were about the same in each place. Tables 9 and 10 show each person's total energy balance and his or her change of weight over the 8 experimental days in Cambridge and in Khartoum. The means for the British and the Sudanese men and women as groups are also given and finally the means for all the British and all the Sudanese together. In Cambridge both ethnic groups gained weight, particularly the Sudanese. The correlation coefficient between the energy balances and change of weight in British males was +0.581 (P < 0.05), but when the sexes were combined the correlation coefficient was +0.492 and this was just not significant (P > 0*05). The correlation coefficient between the energy balances and the changes of weight in the Sudanese males was 0.149 and when the women were included the correlation coefficient rose to +0.391 which was still not significant. In Khartoum the British men lost weight as a group and so did the women. The correlation coefficient between the energy balances and the change of weight was + 0.454 for the men (P > 0.05) and for the two sexes together +0.512 (again P > 0.05). The Sudanese men had a mean average gain in weight as in Cambridge and their mean energy balance was positive -1 5 .8 -3 7 6 0 -0 .9 1 T. Gaafer -6 .1 -1 4 5 6 + 2 .4 9 Andrew P.
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-2 9 .8 -7 1 2 0 -1 .8 2 S. Ibrahim -9 . 3 -2 2 1 6 + 0.57 Malcolm P. and the correlation coefficient was +0.581. This fell to +0.44 when the women were included and neither of these coefficients was significant.
All these correlations would probably have been higher: (1) if the groups had been more homogeneous, (2) if the measurements of the energy expenditures had been more exact, and (3) if the percentage of water in the lean body mass could have been stabilized or accurately measured.
Organic constituents of the diets Table 11 gives the mean chemical composition of the diets eaten by the British subjects in Cambridge and in Khartoum, and Table 12 the corresponding information about the Sudanese subjects. The small energy intakes in Khartoum vis-d-vis Cambridge, which have already been discussed, and shown in table 8, were caused by the intakes of most of the organic food constituents also being smaller as tables 11 and 12 show. Only the mean protein intake of the Sudanese men was an exception to this and it was mainly brought about thus. (1) RESPONSE TO CHANGES OF ENVIRONMENT
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The Sudanese men and women had energy intakes in Khartoum nearer their energy intakes in Cambridge than the British had. (2) As table 13 shows, moreover, the Sudanese elected to make up their intakes of energy with more of the high protein foods available in Khartoum Diurnal dietary variations There were, as always on such freely chosen dietaries, considerable personal variations of an apparently random nature, and the ranges of these have not been included in tables 8 to 12. There was, however, one almost consistent finding. Both the British and the Sudanese men, and the British women, ate less on their first than on their second or on their ' average ' day. The Sudanese women were not so consistent. The results are most easily summarized as energy in takes and are given in table 14. The differences were all significant. Since the differences were shown equally whether the subjects were playing the part of hosts or guests, travelling and major changes in the environment overnight can be excluded as being the important reasons. The main one was probably the procedure (tiresome at first) of measuring one's food and drink. The results show clearly how deceptive the results of a one-day food-weighing project might be, however carefully it was done. Table 15 shows the mean daily intakes, functional expenditures and excretions of water and solutes by the British subjects and table 16 the corresponding information about the Sudan ese party. The intake of water includes the water taken as drinks, as part of the solid food, and the water of metabolism. These were measured by weight. The first two shaded so imperceptibly into each other owing to the milk, sweetened soft drinks, sauces and gravies that all consumed, that it was not considered justifiable to try to separate them. The water of metabolism was calculated in the conventional way on the assumption that 100 g of protein gave rise to 40 g of T able 15. T h e mean daily intake, functional expenditure and excretion of w ater;
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The exchanges of water
AND OF OSMOLAR MATERIAL IN THE URINE. BRITISH SUBJECTS
Cambridge Khartoum water, 100 g of fat to 107 g of water and 100 g of carbohydrate to 55 g of water. The volume of urine was measured and assumed to be the volume of water excreted by the kidney, because the correction involved in converting urine volume to urine weight is of the same order as the weight of solutes in the urine, and thus for practical purposes urinary volume may be regarded as urinary water.
The intake of water by the British men and women, taken together, was on the whole higher in Khartoum than Cambridge ( P < 0.025). Four of the subjects (John H., Malcolm P., Peter S. and Ian S.) drank large amounts of water with their meals, and their intakes in both environments tended to be high. Alec M. drank all his liquid apart from his meals. Some of the Cambridge party, who happened to be medical students, were aware of the potential risks of dehydration in a hot climate, and this may have influenced the amount they drank in Khar toum. The mean daily 'undetermined5 loss of the men and the women was about 1000 ml higher in Khartoum than in Cambridge, and the difference was highly significant (P < 0.001). This loss included the water evaporated from the lungs and skin and water excreted with the faeces. Three of the subjects reported that they had loose stools on 1 day in Khartoum, and another on 2 days but none of them had serious diarrhoea and the water lost in this way was probably not much higher in Khartoum than in Cambridge. The difference was due to the evaporation. The urine volumes were nearly all lower in Khartoum and this difference was significant ( P< 0.001). The osmolal concentrations in the urine were not, however, high. Only one, which amounted to 1104mmol/kg, exceeded the 1000 mmol/kg mark. This was partly due to the fact that in Khartoum, where high osmolalities might have been expected, the osmolar output in the urine was low, and, in fact, the difference between the outputs in Cambridge and Khartoum was highly significant (P < 0.001).
In the pattern of their water exchanges the Sudanese men and women resembled the British. Their intake of water from all sources was higher in Khartoum (P < 0.001) and their functional expenditure of water also (P < 0.001). Their urine volumes were smaller and again the dif ference was highly significant and less osmolar material was excreted in the urine, but this dif ference was only significant when men and women were dealt with as a single group (P < 0.01). Two of the mean daily urines in Khartoum had osmolalities exceeding 1000 mmol/kg. T. Gaafer's was 1131 and A. Magoub's 1061 mmol/kg but most of the others were quite dilute, one of them, A. Latif's, only 437 mmol/kg. One of the women's urines contained 511 mmol/kg. There was a considerable similarity between the water exchanges of the British women and the Sudanese women. Their response to the change of environment was similar to that of their menfolk, but their intakes and urine volumes were characteristically lower as were their functional losses and osmolar outputs.
The intake and output of sodium
In table 17 are set out the mean daily intakes and excretions of sodium by the British subjects, and similar information about the Sudanese subjects is given in table 18. Both tables show that the food, which had been prepared intentionally according to local custom, provided consider ably more salt in Cambridge than it did in Khartoum. All the intakes were affected by this and the differences were highly significant (P < 0.001). In terms of sodium chloride, which is the usual way of expressing salt intakes, the British men were getting from their food about 13 g/day in Cambridge and 6 g/day in Khartoum. The mean for the Sudanese men was rather less than this in Cambridge and rather more in Khartoum, but the difference was there just (---------------------------- the same, and equally significant. Both the British and the Sudanese tended to add less salt to their food in Cambridge than they did in Khartoum, but the additions were small compared to the amounts provided by the food and the differences were not significant. This was partly because the amounts of salt added by the individuals in both ethnic groups-see tables 17 and 18-varied so extensively-0 to 46 mmol/day in Cambridge for the British men and 2 to 67 mmol/day for the Sudanese. In spite of the additions at table tending to compensate for the amounts in the food, the total intakes of the British and the Sudanese in Cambridge were both significantly higher than they were in Khartoum (P < 0.001 and < 0.005 respectively). Both the British and the Sudanese excreted significantly more sodium in their urine in Cam bridge than they did in Khartoum (P < 0.001 and P < 0.005 for the two groups respectively) but there was always some present. The smallest mean daily excretion was that of Tony T. and his urine contained 40 mmol (2.32 g NaCl) /day. The small amounts of sodium in the urine in Khartoum helped to account for the small amounts of solutes to which reference has already been made.
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The figures in the fifth and tenth columns of each table are the differences between the intakes of sodium and the amounts found in the urine. When the former exceeded the latter a negative sign has been placed before the figure and a positive sign if the amount in the urine was the greater of the two. The mean of the British men in Cambridge was -1 and for the women -9. In Khartoum the figures were -41 and -33. The corresponding figures for the Sudanese men were -9 and -12 in Cambridge and -38 and -33 in Khartoum. The subjects were probably losing very little salt through the skin in Cambridge, and the amounts in the faeces were certainly small. The overall means, therefore, in Cambridge were of exactly the order to be expected and the variations between the individuals may be regarded as random errors due to technical difficulties, magnified by the fact that the amounts in question were small and were obtained as the differences between two large numbers.
In Khartoum the same random errors must have been made but the sodium in the urines was consistently less than that in the food and the greater part of the missing sodium was undoubtedly lost through the skin. Table 19 gives the mean daily osmolar loads provided by the diets in Cambridge and Khar toum. These were derived from the minerals, organic materials in the food and their products of metabolism. Of the last urea was the most important. The table also shows the routes by which these loads were excreted. The amounts in the urine were measured directly (see table 15 and 16). The amounts in the sweat were obtained by adding 10 % to the amount of sodium found there (tables 17 and 18) to account for the potassium invariably present and in approximately these proportions (Hancock, Whitehouse & Haldane 1929; McCance £, 1969 : this figure was then doubled since both these electrolytes are fully ionized in the body and accompanied by chloride or organic ions in both the sweat and the faeces. The urea found in the sweat was neglected, since all the most recent work has gone to show that the total dermal losses of nitro gen are small, even in hot climates, and most of these will be abraded cells (Darke i960; Ashworth & Harrower 1967; Recommended intakes 1969) . The fallacies inherent in all balance experiments (Wallace, Weil & Taylor 1958) probably lie behind the higher estimates of, for example, Isaksson, Lindholm & Sjogren (1966 Fox et al. 1969; McCance & Purohit 1969) and (b) they ate less and, therefore, the solute loads on their kidneys were not so great, but their power of renal concentration equally good. Table 21 sets out the amount of water that these men and women would have had to drink to maintain osmolar balance if they had been given this food in dry packs, and forced to lead the lives they did in fact lead. About one-fifth of the obligatory expenditure came from the water of metabolism. The former could of course have been materially reduced by cutting down the insolation, the amount of exercise taken and the solute load ( u m a m o u n t s o f w a t e r n e e d e d i n t h a t f o r m p e r p e r s o n p e r d The salt requirements It may be deduced from tables 17 and 18 that the mean daily obligatory losses of sodium (as NaCl) were about 0.60 g for each of the subjects in Cambridge, and about 2.4 and 2.0 g for the men and women respectively in Khartoum. Had the food contained no more than this it would have been unpalatable to most of the subjects. No salt would theoretically have been excreted in the urine and there would, in all probability, have been a reduction in the volume of extracellular fluid, and a possible loss of physiological efficiency. Hence, to provide for palatability and to supply a safety margin, the practical provision of sodium chloride in Khartoum should have been around 7 to 8 g per person per day. This is in fact about the amounts in gested by the British men and the Sudanese women. The British women and the Sudanese men ate rather more (between 9 and 10 g per person per day).
The osmolar loads and their disposal
Although it is probable that Indians from the subcontinent may not lose so much water or salt through the skin as the British or the Sudanese would when subjected to an equal heat load (McCance & Purohit 1969; McCance 1969 ) the present findings may be compared with those of Malhotra et al. (1959) . The Indian soldiers, then investigated, walked for 2 h/day in environmental dry-bulb temperatures of 37 to 40 °C and their obligatory water losses were about 5000 ml/day. 3.1 g/day was not enough sodium chloride to meet their requirements for palatability and physiological loss. 6.2 g was just about enough but some would have pre ferred a little more.
Vigilance and arithmetic tests Table 22 sets out the mean results of the British and the Sudanese subjects, and of their con trols, in the vigilance test, and table 23 gives the same information about the adding tests. For the British subjects the series of tests in the Sudan was the one expected to be done under 'stress'; for the Sudanese subjects signs of 'stress' were thought more likely to be shown in Cambridge. In fact, neither of the two environments created enough 'stress' to affect the per formance of the subjects. Indeed, in the vigilance test the British subjects did relatively better in Khartoum than their controls who had never left Cambridge. The Sudanese, moreover, did relatively better in Cambridge than would have been expected from the performance of their controls at the same stage of practice in the Sudan, and in the adding test this difference was significant (P < 0.05). The performance of the subjects was not affected by telling them the results of their previous tests. If they had been, the better performances in the unusual environment might have been attributed to some extent to * motivation '-but it was not so.
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In short, no evidence was obtained that the heat in the Sudan was great enough to upset the performance of the British subjects; nor was there any evidence that the Sudanese subjects were put off by the cold of the Cambridge winter to an extent which made them do their tests worse than they did them later at home.
In spite of these rather negative findings one interesting difference between the two ethnic groups did emerge from the vigilance test. The Sudanese, while reporting about the same num ber of signals correctly as the British did, made many more false reports. Among the experi mental subjects this effect was highly significant (P < 0.001); among the controls the effect was almost as pronounced but did not quite reach significance, probably because the Sudanese completed only one series of tests. This apparent lack of caution on the part of the Sudanese may reflect ethnic differences of a psychological nature which would repay further study.
D isc u ssio n
This investigation was originally planned as a contribution to our knowledge of human ecology and adaptation rather than to that of acclimatization to heat, and it was mainly for this reason that women were included among the subjects. The arrangements allowed the participants many degrees of freedom, and in everything they did of their own volition-in the clothing they wore, the exercise they took, and when they took it-each participant tended to choose the alternatives he preferred and to behave generally in a way which helped him to remain within his particular zone of thermal comfort (Benzinger 1969) .
Special attention was given all the same to salt and water requirements because of their importance in hot climates. Many more such experiments will have to be made, however, before concrete, quantitative, advice can be given to those organizing civilian or military operations in places where the temperatures will be high. The advice can never be really precise, moreover, because both salt and water requirements vary according to ( ) the individual or individuals concerned, ( b) their sex, (c) the degree of acclimatization, (d) the work to be done, (e) the clim atic environment or ' heat load' to be expected. Among civilians the last is perhaps the most difficult to define because they can find so many ways of escaping from an unpleasant 'heat load '-by varying, for example, their clothing and behaviour-and this has come out over and over again in this experiment.
Nevertheless, had the British party gone to Khartoum at the end of June, as it was originally hoped they would do, their salt and water requirements would certainly have been higher. El Neil investigated the water exchanges of five Sudanese medical students in June 1966 as a pilot experiment. The studies have not yet been published although some preliminary results were reported to a private meeting at the end of July. The environmental temperatures ranged at the time from 28 to 40 °C but the subjects were largely indoors. Three of the subjects in the pilot experiment (A. Asha, L. Abdala and T. Lewis) also took parti n the main experiment later on, and the figures obtained in 1966 are given in table 24. The intakes of A. Asha and L. Abdala and their losses by the lungs and skin were over 1 1 higher in the summer. T. Lewis's intake and undetermined losses were also raised, but not so much. All their urine volumes were lower in June 1966 than in the main experiment. One might hazard a guess from these very limited and not strictly comparable results that the water requirements of the men would have been at least 1 1 more in June and those of the women 800 ml more.
Although the experiments were not planned to study ' acclimatization ' to heat, the process is well known to accelerate the commencement of sweating and to increase its amount. The Sudanese males were presumably more acclimatized than the British were and it is interesting, therefore, that the Sudanese men lost significantly more water by the lungs and skin in Khar toum (tables 15 and 16 and text) although their energy expenditure was the same (table 7) .
In spite of its apparent simplicity this experiment has involved a considerable number of persons and techniques, and a team of about 10 people may be said to have been required to manage it. This may be compared with the team of 22 which was required for the Edholm et al. (1964) 'Aden' experiment. Nevertheless, the results obtained in Cambridge and Khartoum have been quantitative. Differences, many of them statistically significant, have been found between the way people ordered their day, the exercise they took, the quantities of food they ate and the amounts of salt and water they required. Differences have also been found between the sexes in many of these respects. The results have, therefore, a number of facets which might be discussed but, in a sense, there is little to discuss. The facts are there for future reference as a contribution to the International Biological Programme.
The originators of this experiment are immensely grateful to all those who made it possible. Thanks must go first to the Government of the Sudan for their hospitality and support and to the Medical Research Council for their financial backing, but many others come to mind-the Professors who put their departments at our disposal were equally important in their own way, the cooks also who prepared the meals and the highly trained staff who weighed them. The subjects too must not be forgotten, but for many of them it was an adventure and most of them enjoyed it. 
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